Gradual reduction of free sugars in beverages on sale by implementing the beverage checklist as a public health strategy Introduction S everal studies have indicated a positive association between the consumption of sugar-sweetened beverages (SSBs) and body weight measures in both children and adults, 1,2 as well as type 2 diabetes mellitus 3 and dental caries. 4, 5 SSBs are a contributory factor to the rising levels of childhood and adult obesity in many countries worldwide. 6 They are the largest source of free sugars in children and the second largest in adults. 7 Moreover, sales of SSBs are increasing worldwide, 8 and there is heavy marketing in low-and middle-income countries. 9 In a recent analysis of SSB sales, trends around the world have indicated that the four regions with the highest consumption are North America, Latin America, Australasia and Western Europe, with Germany, the Netherlands, Slovakia and Austria in the ranking of the top ten countries in 2014. 10 Regarding European adolescents, the HELENA study showed that 30% of the energy, as provided by beverages, came from SSBs. 11 A modelling study estimated 184 000 deaths per year to be attributable to SSB consumption, of which 133 000 came from diabetes mellitus, 45 000 from cardiovascular disease and 6450 from cancers. 12 From a public health point of view, approaches to reducing SSB intake and free sugar content are warranted to improve public health. One successful and feasible example of a voluntary gradual reduction strategy is the UK voluntary salt reduction programme, which has encouraged the food industry to gradually decrease the quantity of salt added to processed food. 13 Sweetened foods and beverages might be more worrying to the health of children and adolescents compared to adults, as evidence suggests that exposure during early development can affect choices and preferences which persist throughout life. 14 Therefore, healthier choices need to be brought into the market. A strategy for the gradual and stepwise reduction of free sugars in SSBs, without the use of artificial sweeteners, is predicted to lead to an effective and sustainable reduction of energy intake and to reduce the prevalence of overweight, obesity and type 2 diabetes mellitus in the population. 7 In general, consumers are often uninformed about the free sugar content in products they regularly buy. Therefore, in Austria, a so-called 'beverage checklist' was implemented, which displays beverages on sale and detailed information regarding the free sugar content, inter alia, of a product can be obtained. The beverage checklist is available to the public for free via online search and mobile app. The beverage checklist was initially introduced for schools and, in particular, as a guideline for the vending machine and school cafeteria providers. It is noteworthy that using the beverage checklist as a sugar reduction strategy by encouraging the industry to decrease the free sugar content in SSBs is voluntary. Moreover, there has been little effort made in evaluating the free sugar content of SSBs in Europe, except for the UK, 15 and also in reformulating the beverages by the industry. Therefore, the objectives of this study were to analyze the effect of implementing the gradual free sugar reduction strategy-the beverage checklist with guiding criteria-on the free sugar content in beverages on sale in Austria, the percentage of beverages containing sweeteners and fulfilment of the criteria from 2010 until 2017.
Methods
The beverage checklist and its development
In 2010, the beverage checklist was implemented in Austria by the SIPCAN scientific association (Special Institute for Preventive Cardiology and Nutrition), which is an independent and nonprofit organization with the focus on public health nutrition. The beverage checklist is aimed at consumers, as well as stakeholders, professionals and the beverage industry. The beverage checklist includes sweetened beverages and, as an addendum (additional information), specific isotonic sports drinks (which are specifically advertised for sports and with various additives such as minerals, etc.) and energy drinks. The Codex Alimentarius Austriacus (Austrian food codex) defines energy drinks as non-alcoholic drinks which contain at least 11 g carbohydrates or sugars and 150 mg/l caffeine. 16 Two guiding criteria were implemented in 2010 to provide guidance to the consumer with regard to beverages that contain low or moderate levels of free sugar content and to encourage the industry to gradually decrease the amount of free sugars added to beverages: (i) free sugar content 7.4 g free sugars/100 ml; and (ii) no artificial or natural intense sweeteners (e.g. Stevia). If the beverage fulfilled these two criteria, it was displayed in the so-called 'positive list'. The cut-off of 7.4 g free sugars/100 ml was based on the World Health Organization (WHO) recommendation of <10% of daily energy intake from added sugars. 17 Considering our main target group of adolescents and assuming an average of 2450 kcal daily energy intake (13-14 years 18 ), a total of 60 g free sugars/day was calculated. Furthermore, considering 0.5 l of SSB, half of the maximum daily recommendation is 30 g/500 ml, which is 6 g free sugars/100 ml. This halving is in accordance with the WHO guideline from 2015 (<5% of energy intake/day). 19 Both adolescents and the whole population need to get accustomed to the reduced free sugar content in beverages, and the beverage industry also needs time to adapt. Therefore, we decided to implement a tolerance range of 25% for 2010, which is a maximum of 7.4 g free sugars/100 ml. Indeed, the purpose of this tolerance range is to further reduce it in the future. The second criterion on excluding artificial and natural intense sweeteners was based on several studies at that time indicating that intake of foods or fluids containing non-nutritive sweeteners were accompanied by increased food intake, weight gain, accumulation of body fat and weaker caloric compensation, compared to consumption of foods and fluids containing glucose. 20 In addition, this dissociation between the sweet taste cues and the caloric consequences could lead to a reduction in the ability of sweet tastes to induce physiological responses that help to regulate energy balance. 20 Moreover, at that time, there was also evidence suggesting that artificial sweeteners can increase the risk of cancers. 21 Both guiding criteria were reviewed by the Austrian Federal Ministry of Health, the Austrian Agency for Health and Food Safety, the Austrian Society for Nutrition and the Austrian Federal Ministry of Education. The beverage checklist was incorporated in all guidelines published by the Ministry of Health regarding the catering sector, e.g. school cafeterias. 22 
Data collection
Data on the free sugar content in beverages on sale in Austria were collected. This study was designed as a comprehensive survey of all beverages available in a snapshot in time of every year from 2010 until 2017, using one large outlet in at least three out of nine federal states per each of the four main supermarket chains (Rewe, Spar, Lidl, Hofer), which together hold 88% of the grocery market share in Austria. 23 In addition, since 2012, all known beverage producers were sent a list of their products with the data obtained from the supermarket research and were asked to check their products on free sugar content, etc. and add their new products. In 2012, the response rate of the industry was 33% and in 2017 it was 75%. For each beverage, we collected the following information: company name, product name, beverage category (beverages, sports and energy drinks), caffeine (yes/no), artificial sweeteners (yes/no), fruit content (%), organic (yes/no) and free sugar content (g/100 ml). All data were double-checked after entry and were based on data provided on the available beverage packaging labels in store on the dates of collection and the information provided by the food and beverage industry.
We categorized the (total) free sugar content of SSBs on sale in Austria by colour-coded labels, based on the guidelines of the UK Department of Health and the Food Standards Agency 24 : low (green) 2.5 g/100 ml; medium (orange) >2.5-11.25 g/100 ml and high (red) >11.25 g/100 ml.
Inclusion/exclusion criteria
We included beverages between 0.20 and 0.75 l in PET (polyethylene terephthalate) and carton bottles, as some brands sell the same formulation in different serving sizes and sweetened with free sugars (including unsweetened fruit juice) and artificial sweeteners. However, no 100% fruit juice was included in the checklist as this type of fluid belongs to the 'vegetables, pulses and fruit' food group, according to the Austrian Food Pyramid 25 and also no mineral water as it is not sweetened with free sugars or artificial sweeteners.
Statistical analysis
The results are expressed as mean [standard error or 95% confidence interval (CI)] for continuous variables and as percentages for categorical variables. Beverages with and without sweeteners were included in the statistical analysis. Sports and energy drinks were analyzed separately as these types of beverages only serve as an addendum in the beverage checklist. In order to test for normal distribution, a visual test (histograms and box plots) was used and the Kolmogorov-Smirnov test was also applied. Statistical significance tests such as t-tests, Mann-Whitney U-tests or Chi 2 tests were applied to assess the differences between baseline (2010) and the following years . Mixed model analysis with random effects is a useful method for modelling and analysing longitudinal data and repeated measurements. As the occurrence of missing data in longitudinal data is probable, analysis of unbalanced designs and missing data is one of the advantages of this model. Another advantage is to be able to examine the differences in the dependent variable units in different times. 26 Therefore, we used repeated-measures analysis of covariance (ANCOVA) using random error (linear mixed model) to assess the changes in free sugar content over time by using different covariance structure models, as appropriate. In addition, we also adjusted for fruit content (%). Moreover, a post-hoc analysis with Bonferroni correction was used. Estimates of the percentage of beverages containing artificial sweeteners and of beverages fulfilling the guiding criteria over time were calculated using generalized estimating equations (GEE) with a logit link function for binary outcomes and unstructured covariance matrices. With this approach, we examined the effect of time as the repeated factor and usage of sweeteners (yes/no) or fulfilling criteria (yes/no) as dependent variable, adjusted for fruit content (%).
All statistical analyses were performed with IBM Õ SPSS Õ Statistics for Windows, Version 24 software (IBM Corporation, Armonk, New York, U.S.). P-values <0.05 were considered statistically significant and all tests were two-sided.
Results
The number of SSBs (2010: 320 vs. 2017: 477; figure 1) and energy drinks (2010: 29 vs. 2017: 76) in the checklist increased but sports drinks did not increase (2010: 38 vs. 2017: 31). Sports and energy drinks are included as an addendum in the beverage checklist and are not the main focus of the beverage checklist. Therefore, these types of beverages can be considered as a self-contained group within the SSBs. Therefore, sports and energy drinks are not included in the further statistical analyses of this article, to ensure that we examine a homogenous group of SSBs.
Free sugar content in total supply
The following analyses represent the changing market supply over the last 7 years. Figure 1 shows the mean reduction in free sugar content over time in the total supply of SSBs with and without sweeteners (all beverages on sale and excluding sports and energy drinks) and the increasing number of SSBs on sale in Austria. This absolute mean reduction in SSBs on sale without sweeteners corresponds to a 10.4% continuous reduction when comparing the baseline free sugar content from 2010 with the level in 2017 (P < 0.001). In contrast, compared to the baseline, the free sugar content of beverages with sweeteners decreased up until 2013 (P = 0.963) and then increased by 31.3% in 2015 (P = 0.047) and by 9.7% in 2017 (P = 0.519).
The total amount of free sugars in an average SSB without sweeteners was 37.7 (SD 14.3) g per 500 ml serving size in 2010 while it was 33.8 (SD 14.0) g per 500 ml (P < 0.001) in 2017. As expected, the energy content (kcal) (using a 500 ml serving size of an average SSB without sweeteners) also decreased significantly from 154 (SD 59) kcal to 138 (SD 57) kcal in 2017 (P < 0.001). When consuming 500 ml of an average SSB without sweeteners, this accounted for 7.7 (2.9)% of the total energy intake (2000 kcal) in 2010 and for 6.9 (2.9)% in 2017 (P < 0.001). Taking the WHO recommendations for sugar consumption of <10% (strong recommendation) or <5% (conditional recommendation) of total calories per day 19 into account and considering 500 ml as the serving size, there was a significant increase of beverages fulfilling these recommendations: the percentage of SSBs representing <10% of energy intake increased from 73% in 2010 to 84% in 2017 (P < 0.001) and those representing <5% of energy intake from 17% to 27% (P = 0.041).
By analysing the colour-coded labels based on the guidelines of the Food Standards Agency, 24 there was an increase in SSBs without sweeteners of low free sugar content (green) by 4% and of medium free sugar content (orange) by 1%. Furthermore, the category of high free sugar content (red) decreased by 5% (table 1) .
In addition, by using the linear mixed model, there was a significant reduction of the mean free sugar content in SSBs without sweeteners, adjusted for fruit content. The mean free sugar content changed significantly from 7.33 g/100 ml (95% CI 7.12, 7.55) to 7.03 g/100 ml (95% CI 6.84, 7.23), which is a mean reduction of 4.1% when comparing the baseline free sugar content from 2010 with the level in 2017 (P < 0.001). 
Free sugar content of SSBs follow-up
When comparing only beverages which were included in the 2010 data and those for which follow-up data were available until 2017 (n = 100 beverages), we could observe a significant reduction of the free sugar content over the observation period, adjusted for fruit content. The mean free sugar content decreased from 7.55 g/ 100 ml (95% CI 6.84, 7.87) to 7.28 g/100 ml (95%CI 7.05, 8.08) from 2010 until 2017 (figure 2), which is a mean reduction of 3.5% (P = 0.002). Table 2 presents the change of free sugar content over time divided by two groups, i.e. beverages not fulfilling the guiding criteria and those fulfilling them ( 7.4 g free sugars/100 ml and no artificial sweeteners). In both groups, the free sugar content reduced significantly over time (P < 0.001) and there was a group difference (P < 0.001) with a group and time interaction (P < 0.001). In beverages not fulfilling the criteria, the mean free sugar reduction was 5.4% (P < 0.001) and in those fulfilling the criteria it was 2.5% compared to baseline in 2010 (P = 1.000). Moreover, the percentage of beverages fulfilling the guiding criteria significantly increased over the observation period of 7 years (table 2), which is an increase of 12.8% (P < 0.001).
Beverages fulfilling the guiding criteria

Changes in usage of artificial sweeteners
The percentage of beverages containing artificial sweeteners first increased from 2010 (16.6%) until 2012 (20.2%) and then continuously decreased until 2017 (13.3%; P = 0.034). By comparing the data of 2012 with the data of 2017, the reduction of the percentage of beverages containing sweeteners was 7.0% (P = 0.014).
Discussion
After the implementation of the SIPCAN beverage checklist in 2010, the free sugar content in SSBs on sale in Austria and in beverages followed up from 2010 onwards decreased significantly until 2017. The percentage of beverages fulfilling the guiding criteria increased over the observation period, while the frequency of beverages containing sweeteners decreased after 2012. The effect of this strategy was that more new and reformulated beverages with less added sugars were brought to the market, which implies healthier choices for consumers.
High energy intake from energy-dense foods and, here especially, beverages might be the key contributor to the high obesity prevalence worldwide, mainly due to changes in the food environment towards an obesogenic environment. Therefore, an alternative strategy for obesity control is to encourage slight changes in diet and physical activity to primarily prevent further weight gain. 27 Accordingly, the obesity prevalence could be first stabilized and then, over time, decreased gradually. With this so-called 'smallchanges approach' advocated by Hill 27 and others, it might be possible to decrease obesity rates as it is intended to help people make conscious small changes in lifestyle behaviours. Furthermore, in the private sector, e.g. the food and beverage industry, it might be possible to gradually reduce some of the environmental factors which contribute to excessive energy intake. Accordingly, while it is necessary for individuals to make changes to their personal habits, it is also important for the food and beverage industry to make reductions too. 28 These strategies are also known as the so-called 'upstream' approaches, which are applied at the macro-level, focusing on targeting changes at environmental and policy levels. 28 There is the opportunity in using these approaches to bring different stakeholders together. However, without changing the obesogenic environment, effective behavioural interventions might not be sustainable in the long term. 27 One successful and feasible example of a gradual reduction strategy or upstream approach is the UK voluntary salt reduction programme implemented by the Food Standards Agency (FSA), a non-ministerial government department. This programme was aimed at getting the food industry to gradually decrease the quantity of salt added to processed food over the past decade. 13 Incremental salt reduction targets were set, with a clear timeframe for the food industry to reach them, and the population salt intake was reduced by 15%. 13 The reduction in salt intake was likely associated with decreases in the population blood pressure. 29 Much of this reduction has been achieved through partnership with industry to set voluntary reformulation targets. 13 In addition to this, reducing salt intake through voluntary reformulation and Figure 2 Mean reduction of free sugar content (g/100 ml) by using follow-up data of 100 beverages without sweeteners over time. Note: Repeated-measures analysis of variance and post-hoc analysis with Bonferroni correction, adjusted for fruit content (%); Error bars represent standard error; Ã P-value <0.05, comparing baseline (2010) with following years increasing public awareness has been a highly cost-effective policy option. Voluntary recommendations also allowed the FSA to advocate for the highest reduction possible, instead of setting only maximum targets, which would have been the case if these were set in legislation. 30 Regarding free sugars, a modelling study revealed that an incremental reduction in free sugars added to SSBs without the use of artificial sweeteners is predicted to reduce the prevalence of overweight, obesity and type 2 diabetes. 7 These findings suggest that this innovative strategy for the gradual and stepwise reduction of free sugars might lead to an effective and sustainable reduction of energy intake and body weight in the population. 7 Our gradual free sugar reduction strategy in Austria was carried out by a small nonprofit and non-governmental organization. In 2012, the beverage industry started responding to the beverage checklist. Furthermore, by 2014, there was a higher media presence, and in 2016, a mobile app was developed with regard to the public health strategy. We believe that by continuing our work, it will be possible to get the industry to voluntarily reformulate their products, and voluntary agreements might be able to push the industry to go beyond 'business as usual'. Furthermore, successful voluntary agreements require early involvement of a wide range of stakeholders for pledge targets to be meaningful. 31 However, the greatest risk involved in a voluntary approach is designing a scheme which is too complex and causes businesses to disengage with the process or, in contrast, establishing targets which are easily achievable but fail to deliver the policy objectives. 30 There is also evidence that various countries have already established and implemented approaches focusing on the reduction of SSB intake by, for example, limiting their availability, increasing marketing price, raising public awareness through education programmes by media and school, tax policies and clear labelling. 7 Action is needed across all policy domains--the food environment, food system and behaviour change communication--as each plays an important role in influencing what we consume. 32 Studies have now shown that the purchase of SSBs is decreasing in countries following the introduction of taxes on SSBs, e.g. in Mexico, 33 with a greater reduction in 2015 compared to 2014. The absolute and relative reductions in Mexico were the highest among households at lower socioeconomic levels. 33 However, there is, to date, no evidence that the tax on SSBs in Mexico has had any impact on levels of obesity.
Finally, we believe that voluntary gradual free sugar reduction by the beverage industry to tackle obesity and non-communicable diseases will be part of the solution with the greatest public health impact. Changes in consumers' preferences regarding flavour and sweet taste might also be possible and could occur after reformulation. However, reformulation strategies are expected to take time to implement and will happen gradually. Moreover, we think that in addition to the beverage checklist to inform consumer choice, we do also need even more political pressure to ensure compliance to reformulation or free sugar reduction. This could be reinforced by media campaigns or by guidelines to the catering sector, e.g. school cafeterias, which was also part of our public health strategy. Mandatory reformulation might thus be more effective than voluntary reformulation. Reducing the free sugar content in sugary drinks appears to be effective and, thus, is a ripe target for regulation. In the coming years, we will gradually reduce the guiding criterion to a maximum of 6 g free sugars/100 ml. Finally, multicomponent interventions appear to be more effective than single interventions. 34 
Limitations
The study has several limitations. Firstly, the beverage checklist's guiding criterion of a free sugar content of 7.4 g free sugars/ 100 ml is based on the WHO recommendation. 17 The calculation of this cut-off is based on adolescents' total energy expenditure, on the consideration of 0.5 l SSB and of a tolerance range of 25%. This cut-off value differs from other recommendations, such as the guidelines of the UK Department of Health and the FSA 24 and/or the announced UK SSB tax. 35 However, adolescents, our initial target group, and the whole population need to get accustomed to the reduced free sugar content in beverages and the beverage industry also needs time to adapt. Therefore, a tolerance range of 25% seemed appropriate. However, we intend to reduce this tolerance range in the near future. The second limitation in this study is that it might be possible that some beverages were unintentionally excluded, as the beverage checklist is a comprehensive survey of all beverages available in a snapshot in time of every year, using one large outlet in at least three out of nine federal states per each of the four main supermarket chains, which together hold 88% of the grocery market share in Austria. Due to this fact, since 2012, all known beverage producers were asked to add their products to the beverage checklist. However, at the beginning of this approach, the response rate of the industry was low, but then increased until 2017. The third limitation might be that specific isotonic sports and energy drinks serve only as an addendum to the beverage checklist, and this addendum cannot be considered as a complete list of these specific beverages on sale in Austria. Furthermore, these types of beverages were not the initial focus of the beverage checklist, and according to the Austrian Association of Beverage Manufacturers, the percentage of the market was only 11% in 2016. 30 However, to the best of our knowledge, this is the first Table 2 Change of mean free sugar content (g/100 ml) in two groups of beverages (beverages fulfilling the guiding criteria of the beverage checklist and those not fulfilling it), as well as the percentage of beverages fulfilling the criteria from 2010 until 2017 Note: Data are presented as mean (95% confidence interval) and percentage (95% confidence interval). a: 7.4 g free sugars/100 ml (1st criteria) and beverages containing no artificial sweeteners (2nd criteria). b: >7.4 g free sugars/100 ml and beverages containing artificial sweeteners. c: Repeated-measures analysis of variance and post-hoc analysis with Bonferroni correction, adjusted for fruit content (%). d: Generalized estimating equations (GEE) with a logit link function for binary outcomes, adjusted for fruit content (%).
study assessing free sugar content over a certain time period and giving implications for further public health initiatives to tackle obesity.
Conclusions
In conclusion, the beverage checklist, as a public health strategy, reduced the free sugar content in SSBs by working with the industry to reformulate beverages with less free sugars on a voluntary basis. Hence, more beverages with less added sugars were brought to the market, which implies healthier choices for consumers and the whole population. The challenge now is to further engage the industry and also policy makers to achieve a greater reduction in the future, and also to implement a consumer awareness campaign.
